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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain proper 
ferroelectric characteristics by making fatty distorting a 
BTO film fully distorted, when the BTO is used for a 
capacitor insulating film, and to enable prevention of 
oxygen defects in a BTO film due to voltage stress. 
SOLUTION: A thin-film capacitor comprises a barrier 
layer 11, a lower electrode 14, a BTO ferroelectric layer 
15, and an upper electrode 16, formed sequentially on an 
Si plug 10. In this capacitor, a TiAIN is used as the layer 
11; an SrNb03 is used as the electrode 14, an a-axial 
length Ab of the layer 11, an original a-axial length Ao of 
the layer 15; and an a-axial length Ae, after the epitaxial 
growth of the electrode 14 are set so as to satisfy 
relational formulae Ab/Ao<0.995 and Ae/Ao<0.995. 
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BaTiOj«r±^tt5MI#I^ CieOSSSim 
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(ss^m^^^y) ©BM8* s fT*»*»'"c* i 5 - -sni-tt^ 
imffl^ft-c^s. 
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[0003] ststmtM * y i-js Lfc3a»i«fc»Bifc 
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5Ct* 5 ^e>ti-CV^. Pb irit^S i:B a tt^sMUI- 
<v>ot?, BTOO»ai^l-*iV%-C»±^ a^oSiJ®!^ 
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»iE<m*4*?S**l»oB«» B 
a x Sr H T i 0 3 . BTBSTfcB»tS) tl» 
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o 3 m*m*mtt&K-?*> r> > tt&\z&&i,tib 

# <£>te^3£§£: a =0.3930 nm) fcttfflU LT 

BST«a*i*x = o. 3o-o. 9 o^tm^^^t 
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Ci:, (3) %Lffim&* J r'^y**1&&&* 

3i«il«rttds*<tb4v^2:. (4) t» 
*S»(D«ljtW«ce)4v^k, (5) 

[00 11] *»W#feM\ £A-h<a (1) a^6 (5) (O 

SrRu0 3 /SrTi0 3 :Nb/Ti0 2 :Nb/ 
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I^:x i/t T O WS*»I*9@ I, 

icftflApx LttBT o <Dm&<M8ffQ&£. tftv^tt 

[0 0 12] U&*Lttas&, rco«ig"e«:K*i:^3lS^ 
jftSSSv^S r R u 0 3 ZT&mfak IXtffl L-Cl>5fc 
B T OKdtlB*roiK «r±»f 5 i: S r R u 0 3 **6 

-C*>6T i A 1 NOlMk«:§l#iBcU ^^^^hSfet 

£r*«*#JMcJ:!>*#ttjWKTL* IS^ffllK^jec: 
SwtWotv^o T»»IMt*rttWLoo 
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[0 0 14] (A) BTOI^I^^ 
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(C) IMbtt9B*KttJ^*a5^l£*LTtt 
Stt^SS-efeSr^, (D) i§7ctt#ffl^lw^LT^ 

[0 0 1 5] -bxBL/c (B) (D) *>*#«:»fc.-f 

pge>1\ *<o*t»^«WSix-C#*:. «MwE*Rfi3» 

$;ft,6 e L^LWS?), (A) (D) (D±X<D3kft 
v^5^D^pI/i^«•1s^4 r ffiv^-ct> (A) ^e? (D) SriBfci- 
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iwntm&:i'£?t-tz>wkm] zv>£?\z.&m. si 

(D) ©IB«*:»»-*"* wkttH«-C*>ofc. 
[0 0 17] #|8WH:, ±BWtt«L-tftShfct> 
©-C; ^roS«tt5i-?>li> fl&jfcUfc (A) frb 
(D) rottS*l£t5T«litg*«t5C t^t 10 

[0 0 18] 

[0 0 19] W*>#*WI*, «BuCfc#**«> (1 o 
0) S, xtt3E#A*» (0 0 1) B***ix-cv>6/<y 

S hfc±««|i fc * *« b fcflK* i'* 
vn-C, tfrfETSBmiS* 5 S r Nb0 3 &£fift#fcT5i*S 

lilfflffiglSimtWSro:*:*© a WfiA o J; <J VhS < » J- 
oMIBTSB^^ 1 ^ tT^ ^-V'H&S&W a #gA e # 

[0 0 2 0] CCf, 2W»W»a*Uv>*lttt»i:LX 

[0 0 2 1] (1) «-a«SAl), Ao, AeJi> 30 
Ab/AoSO. 9 9 5 
Ae/AoSO. 9 9 5 

[0022] (2) Tt$mm<Dmi8.x.%<r>-$w^ C a . 

Ba, Ti, V, Mo, Cr, R u frbmtiMfPK < 
[0 0 2 3] (3) /^Ti^t^B^^I-AB 

0 3 (AttT^*!J±«, *±*a»e>w*fcfc**<fc 

t>-ffi, BliTi, V, Nb, Mo, C r 2r>f>ii»i*vfc 40 
'>&<it>— SI) 4^45:t. 
[00 24] (4) /<y TJiiiM r&tfRh t1> 

[0 0 2 5] (5) '<'J T^roTSR* s ^«WI-T i N. T 
[0 0 2 6] (6) 3£itmf«&Bltt. *tf#*i/ir/H*«> 

*»©Co#5. Ce/CoSl. 0 2&SIS1-SCt. 50 
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[0 0 2 8] (8) ^yrSA^ I r, Rh, XttlrS 
U<ttRhro-a5<SrRe, Ru, Os, Pt, Pd, I 
t, r hroti^lW^WO^^ i b-asroi«t 

[oo2 9] o) mmm^mnK abo 3 rofls^area 

bSJlS^n^*^ MHJgSrW^ AflBa, Sr. 
Ca<0*^b51fi^fc'>^< tt-aX-fcO. BKT 
i, Zr, Hf. Sn, N b rofi^StfiT-fc^'i < t 

[0 0 3 0] (10)TS®Si:L"CroStNbO 3 S* 

IxttJf^ <«*.tfH 2 > **tr#B**-CRF-»"** 
[00 3 1] *fc#3§WWu h 9 

* # *» e> * s ^maetm^»^ « * 
*ascit3Sr**» (100) B, xbjE*** 
© (ooi) ii!»s*ivo*4'<i>T*fc, yr* 

±|Citf?*i/t^$HfcS r Nb0 3 Sr£^»t 
»tW-t ic* f * * -> + /Vfifctt SiifcBTO t 

TCTSffiwa. tf* af->t^fit» a tt*A e # A o J: 
[00 32] «W1) *«»T?tt. '<!> T95m 

W K TttWIfcS r Nb0 3 *r±*»i-J-S»«tt' 4 

g^^<0 a N*A o£D 1>/h* < . loTWJS- 
tr^*i/+^*8© a ttftA e & Ao J:*3t»/hS< U 
■CV^S. ^tt^it). St^bfc (A) frb (D) Ott» 

[0 0 3 3] ^oT*^l-^nii> *tr#*S^lr/H« 
fc^-V^V^*. siJ:t!:WJ«Hroi , *U 

[00 34] 
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[0 0 3 5] Mi£LfcBW&afiM-Sfc«>l^ 
>f hS r Nb0 3 m&=^***i<'*'i'f8.&'tZ>Zt\Z& 
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5 S*R««tt<0*flS«rRJt-*-a 4: ^ 

[0 0 3 7] ft Id. JLSi5tCBTO^J:f^=¥'>ir/^S 
**fc»&JcAfftt3J»«»tt«r#6fc«e)lwr±. BTO 

^3l»Ji^$ixTVN-5o (^l 4 BTO^afifi: c« 

</^l:#^cig|i/h$</j:oTv^o BT 
OttcHMMso. 4inm^±l:<j:6<l:fiff^Hi 

0. 3 9 7^T^-5o BTO^^aiSliO. 3 
9 9 nmT'&^fbs a$ft^5:0. 5%^±ESSt5C 

[0 0 3 8] ^W<t?C, BTOOaHifli3:^^^'> 
ir/^fiR*«l-»4 0. 3 9 7 nmKT^BEfflSixS^S^ 

WSfcfcO. 3 9 7 nmJ^TT-&5i&^&5 0 SrRu 
0 3 ^fetLt, A1NT hfcLTS r SrttfllUfc#< 

[0 0 3 9] 

S r V0 3 (0. 3 8 4 2 nm) 

SrCr0 3 (0. 3818nm) 
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0 3 <nffi&7tM<r>— Ca, Ba, Ti, V, M 
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9, SrNb0 3 ©Wtt, ^ftttlCte^Btt, ft?ftlfc 

[0048] SrNb0 3 ttS r^«, Scl^ttAiNf h 
50 *>CaH», B** h^T iB*ft£KJ:9tt*S**: 
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r(7)J;5^SrNb03 £ Ote^ ^ V ^tfjzZ *flS 
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Tgfl®l£^ tr * * v-r /H&S $ -± 6 £ # o «/ * # 

IwitlStWbltS r T i 0 3 Sr^y TJiJCfflV^ 

[0 0 5 2] S r T i 0 3 c&attftttO. 3 9 0 
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taSte6 OO^Ltl^So hSrfll^tA r/N 2 #ffl»"C\ I r R 2 2 I r 

[0 0 6 21 f^«Ufc»BI*^^^^«)XlWa*r«rtTo h*r»vvCArOT*-C*'<***fr 3 

fctC5, (Ti, Al) NJgll, Sr (Ti, N J: 9 JBfifcLtl^*. 

b) <D 3 fill 3, SrNb0 3 TS1S1 4, BTOK [00 6 9] Ir/^7l2 2<D±mzRF*rf* 

1M15, S r Ru0 3 JigRm^l 6^T^xe^ £J8l>T. T&5®^ £ Lt S r T i a 25 N b 

^i/t/^fiLTV^ifc^ofc. SfcUl. 0rS« 0 75 O 3 )i2 4^3Onmiilfc, -t, T£flm^ 

^■HS««H»ftfTofcfcr:%. BMfcg£figtr#5 (T 2 4 t It S r NbQ 3 "e»4<-««rT i -eBULfc 

1, Al) NKl l^Sr (T i, Nb) 0 3 113i ftiCtttM Lfc J: 5 4 iT*^<y T 

[0 0 6 31 EW»Xl»[B«rl8BI-J:9**3e»* «TCfc5. Wyrl2 2i LTI r^^l^Rh 

aifiLfc±C:>EK S r Nb0 3 TSMMl 40attfidS SrfflV^^:4B-&^Ct>l^«^"^i^« «fc^\ 

0. 3 9 6 nm£TifcUlg<&L-C0. 5%£JLfc9A/tM^ I 0 0 7 0 ] -t LT, Tgffm® 2 4 ±\Z&®mftmt U 

il^Mtt^o:/;*;^ h S r Nb 0 3 £:5fc<7^#t^ US r Ru0 3 ^2 6^1 0 0 mi£«9 U &^mf**r 

tf**i/*A4ftJti-&cJ:U:J:9* a$ig£##tf>ffi<i: Srfft*L;fc. t # OfiK«#H«tt. SrT 

0 i>m<^fZ>ZkfrX+%tCo ^tT, ^OSrNb0 3 i 0 25 Nb 0>75 O 3 R2 4teA r #IS^ BTOR25 

TSnmSl 41WBTOI1 5»ic«l*iS0. 4 2 5 n »Ar/0 2 #ffl«-<Nfe iBffif*6 OOti: UTV> 

mfc+#U:9^-0:fc!K (0 0 2) JaHFrtr-^ny* ^ 
y^-^^fitO. 5° ^teSti^a^-e^o 30 [0 0 7 11 ^fiKL3tWR^r^^^^^X»lHlJffSrtTo 

f Co fc^C^ (Ti, Al) N^y7l21, I r^!)T 

[0 0 6 41 ^fc, ^X<D%mn&&&m 122, SrTi 0<2 5Nb 0> 7 5 O 3 TMS24, BT 

JtUfcfc::*. DHMMfiO. 52C/cm 2 , filff OKttftR2 5. SrRu0 3 ±ffllfi2 6^T^ 

2. 1 VC0#-|4^#P)tL, ^0 2 Vfn*DB#^y — lf**->Y/V7*ftLt^5Cfcfl*#a*ofc. ££>t-. #T 
«»J2xiO" 7 A/cm 2 KTt^t $<bl^ 1 H«^«»«»*«:fTo*:i:C^ ■WWB*«^fls5* 

O *. o [0072] ra<ixa«a*afiBicj:9»^3e»«r 

[0 0 6 5] CCOjipl-, Si/TiAl N/T i »]SLfctl5, TMffi2 4i:lt^S r T i 0 . 25 N 

0 2 :Nb/SrTiNb0 3 /SrNb0 3 /BTO b 0 75 O 3 (Daldfi^O. 3 9 2 nmi:T»I'&tt 
/SrRuO 3 »it<0^t^^l^V>m 40 9^**6 £ fc#flUTC*fc. ^<0_LgB<DBT 
lcScS4S r Nb0 3 &Tg&m*l£ LtttJBLtl>6fc OR 2 5ttcttSd s 0. 4 3 5 n m t +#t-3IA,t-:fc 

^y 7*9>\>m<omt*1tom-tz^b&x*z> 9 u 9. (002) 0«tr-^oosf*^^*-^i|&it« 

^t>, TSPm^i: LtcoS r Nb0 3 SrTtt^yrBlc to. 4° ilSfttefc Aff-0*>ofc. 

»&**T a *****o«J: 0 <>«< 46i 5 1- Lt [0 0 7 3] ****s9 t Lt<05a«®KM4Srfiy 

V>*(flt\ »«««cBli: Lt©BTO«r+»ld9*** ^L^i<!:C^. ^g0. 60C/cm 2 , ttttBE 

ftff4M««»tt©*f/<s/#*ttrt^« l. 9v©Wt*»6h, d>o2VPPiD«F^y-^«8« 

£££ o (fiffittl. 5xl0' 7 A/cm 2 «Ttfcot 0 $ h 

[0066] (m2<ommmm) 0211 #$gwcosg2 id, 1 5 vcddc* hu^s:Hi*DLtt»»*«tt** 

®WXhZ> 0 fcib\ HliW-«»-ttlW-W»*WL 50 [0 0 7 41 (Jtttfll) 0 312. L 
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[0 0 7 51 *"*\ *«aS i ( (10 0) *«t) 

j&LfcS i 7*5^1 o*-e^Bfeu _ cv>5Sfi-hi-. ®« 

fl©^!J7itL-C (Ti, Al) NlG£3l£10n 

V>-CT i NbBI3 2&8 nm«aLfc. (T i , A 1 ) 
NIH3 1ttTiAl^^-'/5'^ffl , ' N " CAr/N 2 10 
#H*-C. T i NblSl3 2I4T i Nb^-^y 

[0 0 7 6] T i Nbl3 2<D±.mz. 
ftMtt^o^-f h/<!)7itlX. Sr (Ti. 
Nb) 0 3 i3 34 3 0nml|iUfc. COfc#«^BS 

SlSttArj ! PatfcS^. 
<D»*lcJ:DTiNb*3 2r4IMtS*U 
Jgro3fmttTi0 2 : Nb*»i**J«*iT.-C^6-t* 

[0 0 7 7] S^oyx*-^ 71 3 3-tlw, 

RuO 3 I3 4«:3 0nm > S &|C*0±fc!««*» 
li LtBTOi3 5!;2 0nin 1 § P> ±I-±S& 
UTS r Ru0 3 1813 6£1 0 0 nmlfttU & 

14. StRuOj, BT0#tAt/0 2 #H*"P*> 
t). jfigtt6 0 0*Ci LT^Sc 

[0 0 7 8] fli*Ufc«l*-*" < 5'*«>X*B* f * tTO 
fctr^ (Ti, Al) N13 1, Sr (Ti. N 30 
b) Oji3 3, S r Ru0 3 TSPH&3 4, BTOi 
«#:|Bi3 5. StRu0 3 J:«tl3a»4t#xW 

[00 7 9] L^b/i*se>. Jfe*fflm^«»«*l-«t9* 
fciC^ (Ti. Al) Nl3ltTi0 2 :Nbt 

£ u fc 4 o o m <o * + /< V * » 5 *> 9 9 % « * + ' * ^ * 

[008 01 *fc. (Ti. Al) N«3 10>BMk*» 
t5fct!)l:> S r R u 0 3 T»«S*BP*»«** 5 0 

|jl|al*r<z>lg*. ««olW«:46' , J'*^*"^ 
JNMi**. SrRu0 3 (0 0 2) f-^14 2. 0° , 
BTO (0 0 2) tr-^liBIL-Cttl. 8" ifcfttttf 



[00 8 1] Z(D±?\^ S rRu0 3 /BTO/S r 
RuO 3 /SrTi0 3 :Nb/Ti0 2 :Nb/Ti 
A 1 N/S i fc^-Ctt, T«Umg3 

4t'^lSi:ro^^^S rRu0 3 «r*U8UC^6fc 

JO, B^«SrrS]-t^-*-&fc*» ;:1 ^^^ a *^- t4 " f ^^^^ 

V^raS^fcofc, StRuOjWWKSr 
(Ti. Nb) o 3 Ji«rT»«iKi-*t v "5**t# 

JJBICBTO****'**''*' 1 '** 1 '* 1 **'^ 

[oo82] cmc** u5tw^ i at«B 2 (Dmm^mx 

». TiWCStNbOj Srfflvv J.o^r<oT«lt§« 
CtlwioX. BT03Wt«i®»i**T»* s,:: 

sg-g-u-co. 5 (Efli-rs) 
Vo 0 8 3] bp*>. T*'<y te t <D&**m&zmm 

rNb o 3 ©Birt^fe***^*-*"^ ±»l=+ 

»icfiA/« b t o&mmftmz x <o »* l v ^*m*fr k 

^iS5v Nff8H<fe*:8K> * + '< > * 55 ^ 5 • 
[0 0 8 4] **», *»JH«±«bfc«-SEIfi*»-l»* 

(ioo) BjjsjtttXv^^yrJiofWrKWi-fc*. 

fcottiV^. *fc> TSIimiSttS rNb0 3 KIRSfc 
i v. Mo. Cr. Rui^itfiifc*4<4:t>-i 

X B ^hAB0 3 (AttTA/*yi«, *±«*» 
t,I«nfc'>'i<tt>-S- BIlTi, V, Nb, M 

o. cr^iunfc'>/i<n-a) ^feftstw-e 
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[0 0 8 6] 

•r/<^**i»lc*iV^T. 3IRt*ffll:BTOS:i*»l: 
i-6-<ci^^*-f K TSi5Hil:SrNb03 
i-J-StWBtt^o:/*;^ /<!)7gOalll5 

a b &mmm,#m<n*%<n a w«a o <t t> < > a. 

oT£MM<0^ tf * * v'-r/W&B&GO a $46A e & A o 
!*lc»XSixSiB*S:*iJflau*:BT03SBI«»:»iaSrS 10 

£ t ft < , A#fcMi«Wfe4:««rt"* 

[[211] $ l 

[0 2] JB2 0SBK»»ic«fcS»K^-r^^^<o* : f- 
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[®3] *&m<n&&m\z&t>z>mm*c j r/*i>'?<n%* 

[B4] BTOl^tt* aMt c«fitOH«S:*t 

[ffiF^OfftM] 
1-S iSffi 

6, 8, 9-jemtefUR 

7 -try 

1 0 — S i 

11, 2 1 — T i A 1 ('< V TJf ) 

12— TiNb (Ti0 2 :Nb) 1 (/<y7l) 

1 3-s rTiNbo 3 i (^yrg) 

14, 2 4 — S r Nb0 3 R (T8MM) 

15, 2 5-BaTi0 3 (BTO) 1 

16, 26-SrRu0 3 i (±MWSk) 

2 2-1 rflg (/<yrfl) 



[01] 



18 SrRuOa (±8lltt) 



9 ^ 




15 BTO(iatt«t*«) 
14 SrNbOs (T«««) 
13Sf™b0 3 
12 TWbrnO a :Nb) 
11 HAIN('<iJ7) 

10 Si??? 



sio 2 <&*nmmm 
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26 StRuOj (-ta*«) 

25 BTO <3S»X*Dl) 




[B3] 



36 SittuOa 




14] 



0.46 
0.4B 
0.44 



« ° « 3 

0.41 



0.40 



■ 




I I 
■ (Ba7103)_ 
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□ m 








J 














■ 






° □ 




■ 


1 










r. . ."1 



0.375 0.380 0.385 0.3OT 0.305j 0.40 
oUHt (mm) 0*387 
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